Abstract. Dispersive interactions of matter qubits with bright squeezed light in a high-Q cavity is studied. Numerical simulation shows that higher fidelity of operations to obtain a certain phase shift of the pulse through the dispersive light-matter interaction may be reached using bright squeezed light than that using bright coherent light.
Introduction
The dispersive interaction of an intensive optical pulse with a single atom in a high-Q cavity has been explored by many experiments in cavity quantum electrodynamics (CQED) [1] [2] [3] [4] [5] [6] [7] . Such interactions are essential for nondestructive measurement of atoms [8] [9] [10] , quantum optic computers [11] , and quantum communication [12] [13] [14] [15] [16] [17] . Ladd et al. [18] have studied the interaction between an intense, off-resonant coherent optical pulse and a single atom in a high-Q cavity. In contrast to bright coherent light, squeezed pulses may be used to significantly speed up quantum communication rate by substantially increasing initial fidelity of entanglement generated with the same high success probability as that using bright coherent pulses [19] . Literature [20, 21] show that two atoms interacting with a squeezed radiation field reservoir decay into a highly correlated pure state other than a mixed state. In this paper, we consider the cavity-based dispersive interaction of bright squeezed light with a three-level atom. Numerical simulation shows that: first, to achieve a certain detectable phase shift of the bright pulse, higher fidelity of operations may be obtained using squeezed pulses than that using coherent pulses; second, the larger the squeeze factor of the squeezed pulse is, the lower decoherence of the atom arising from the the dispersive interaction will be available.
Dispersive interaction between an atom and a squeezed pulse
The basic matter qubit |0 and |1 in a cavity are encoded on the ground state |g and a metastable state |s of a a e-mail: honghfy@163.com three-level system shown in Figure 1 , respectively. Coherence transitions (rotations) between qubit states are assumed to be possible through techniques like stimulated adiabatic Raman transitions [22] and spin-resonance techniques [23] . Probe pulses can be coupled to the cavity through a tapered fiber [24, 25] and sufficiently detuned from the transition between state |1 and the exited state |e to guaranty a strictly weak dispersive light-matter interaction. We assume that the probe pulses are completely ineffective at causing transitions between |0 and |e due to a prohibitive selection rule or off resonance [18]. Such a three-level system may be found in a semiconductor donor impurity, where the qubit states are encoded on the electron Zeeman sublevels and the excited state |e may be the lowest bound-exciton state [26] , or in other system such as trapped ions [18] and single quantum dots [27] . For simplicity, in this paper, the matter qubit is always referred to as an atom though it may be other systems.
When large number photons are introduced into a cavity, a numerical approach is required. For very large photon numbers, a full-quantum analysis may be computationally intensive; an appropriate approximation is the semi-classical optical Bloch equation approach. We presume that ω p = ω 0 , that is, the center frequency ω p of the pulse is on resonance with the cavity (and both are far detuned from the transition |1 → |e by ω 0 ). To describe the atomic dynamics, we define several 'partial' characteristic functions [18] ,
whereρ(t) is the density operator of the light-matter system, states |j and |k are atomic states and the trace is over the optical field. Under the Born approximation and the conditions that the cavity and the pulse are both far detuned from the atom, assuming a rotating reference frame rotating at the center frequency of the optical pulse, for a narrow-band pulse, the c-number master equations in a fully quantum setting in which any quantum state of light is allowed can be obtained [18] :
where g is the atom-cavity coupling factor, S(t) is related to a cavity-waveguide coupling factor κ, cavity decay parameter γ which imply that any optical power in the cavity leaks out of the cavity as e −γt , and the input pulse shape S in (t) coupling into the cavity as follows [18] ,
In equation (2), 2Γ is the total decay rate of the atom in the cavity, including the influence of the Purcell effect:
where τ r and τ nr describes spontaneous emission and non-radiative decay, respectively, and P (ω) is the Purcell factor
In equation (2), Ω is the atomic detuning from the cavity, including the ac-Stark shift,
Numerical solutions of this system of equations at large number photons are computationally intensive, so we use the semiclassical approximation. When photon losses due to the quantum channel are not serious, quantum-noise reduction can be observed and the detected light is still squeezed light [28, 29] . Based on this property, squeezed light has been suggested for many kind of applications such as quantum communication [19, 30, 31] and gravitational wave detection [32, 33] . Since the atomic photon absorption during the dispersive light-matter interaction and the photon loss due to the cavity can be made negligible and the probability of finding the atom in the excited state |e is very low, we may assume that the quantum state of the pulse during the dispersive light-matter interaction is always a squeezed state and that it always remains unentangled from state |e , which underpin the semiclassical approximation [18] . Then the density operator has the form
⊗{ ρ e0 (t)|e 0| + ρ 10 (t)|1 0|} + | β gg β (t)| ⊗{ ρ 0e (t)|0 e| + ρ 01 (t)|0 1|} + | β gg β| ⊗ρ 00 |0 0|,
where σ + = |e 1|, σ − = |1 e|, and |β g is a two-photon coherent state defined as [34] 
with
Ξ(ε) = exp 1 2 ε * a 2 − 1 2 εa †2
being the displacement operator and the unitary squeezed operator respectively. Here a † is the creation operator of photons, ε = re iφ , and r is the squeeze factor. Squeezed states |α, ε defined by
